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SUMMARY 

F l i g h t   t e s t s  were made t o  determine  the  total-pressure  recovery of 
a split-wing ram- j e t   i n l e t   w i t h  a f ixed  area e x i t  20 percent  larger  than 
the   in le t   th roa t   over  a Mach  number range  from 1.4 t o  3.16. 

Total-pressure-recovery measurements a t   t h e   d i f f u s e r   e x i t   s t a t i o n  
indicated  abrupt  pressure  changes  in  the  total-pressure  profile  through- 
out  the Mach number range. A total-pressure  recovery  of  0.33 w a s  
obtained  a t  a free-stream Mach number of 3.12 f o r  0' angle of a t tack .  
A t e s t  of a model simulating  an  angle of a t tack  of - 3 O  indicated a t o t a l -  
pressure  recovery of 0.37 a t  a Mach  number of 3.16. 

Comparisons  of average  total-pressure  recovery  with  the  theoretical  
total-pressure  recovery showed good agreement. However, the  preliminary 
nature of t h e  tes t  does  not  allow a conclusion  concerning  the maximum 
total-pressure  recovery  that   th is   inlet   could  a t ta in .  

INTRODUCTION 

A preliminary  investigation of t he   d i f fus ion   cha rac t e r i s t i c s  of a 
two-dimensional  split-wing  ram-jet  inlet was conducted at t h e  Langley 
Pi lot less   Aircraf t   Research  Stat ion a t  Wallops Island, Va., at t h e  
request of t he  Guided Missile Development Division of t h e  U. S. Army 
Ordnance Corps in   conjunct ion  with  the Hemes pro jec t .  The ihvest igat ion 
was made by  mounting t h e   i n l e t  on a rocket   tes t   vehicle  and booster ;   the  
resulting  rocket  combination w a s  then  able t o   p r o p e l   t h e  tes t  vehicle t o  
a maximum Mach number of approximately 3.16. 
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The purpose of the   inves t iga t ion  was t o  determine  the total- 
pressure  recovery  and  internal  f low  characterist ics of the  design at 
00 and - 3 O  angle of attack,  operating w i t h  a f ixed area e x i t  which  gave 
a diffuser-exit  Mach number of  approximately 0.19, over a range of 
supersonic Mach number and  Reynolds number. 

Data are  presented  for  both  accelerating and decelerat ing  f l ight  
over a Mach number range  from 1.40 t o  3.16 and a Reynolds number range 
from 5 x lo6 t o  17 x 10 6 based upon the  unit   "foot .I1 

SYMBOLS 

Acowl 

Acr 

A e  

Amin 

H 

m 

mo 

M 

P 

R 

S 

T 

v 

P 

X 

X 

inlet capture  area  defined  by  inlet   l ips,  sq f t  

choking area,   sq f t  

entrance  area to  inlet   defined  along  imaginary  surface,  
perpendicular t o  wedge surface from leading edge of i n l e t  
l i p ,  sq f t  

minimum a rea   a t   i n l e t   t h roa t ,  sq f t  

total   pressure,   lb /sq f t  

measured mass flow  through  duct,  slugs/sec 

mass flow  through a stream  tube of area  equal t o   i n l e t  
capture  area  under  free-stream  conditions,  slugs/sec 

Mach number 

s t a t i c   p r e s s u r e ,   l b / s q   f t  

gas  constant, 53.3 f t /% 

s t a t i c   o r i f   i c e  

s ta t ic   temperature? 91 

veloci ty ,   f t /sec 

density,  slugs/cu f t  

local  distance,   in.  

to ta l   d i s tance   across   s ta t ion  6, in .  

__1__ 
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Subscripts : 

0 free-s t ream  s ta t ion 

1 static or i f ice   loca t ion  on 15' port ion of  center-body wedge 

2 s t a t i c   o r i f i c e   l o c a t i o n  on loo port ion of center-body wedge 

3 s t a t i c   o r i f  ice locat ion on  downstream port ion of center-body 
wedge 

4 total-pressure  measuring  station downstream of inlet maximum 
area 

5 s ta t ic  or i f ice   loca t ion  on ou te r   she l l  wall at downstream 
port ion of  subsonic  diffuser 

6 d i f fuse r   ex i t   s t a t ion  

'I e x i t  choking s t a t   i o n  (M7 = 1.m) 

2 l o c a l  

MODELS AND APPARATUS 

A photograph of the  spli t-wing inlet mounted on a rocket tes t  
vehicle   with  booster   in   the  launching  a l t i tude i s  presented  in   f igure 1. 
Photographs of t h e  three i n l e t  models t e s t e d  and a detailed  diagram  are 
shown in   f i gu res  2 and 3 , respect ively.  

The in l e t   cons i s t s  of  an  outer w a l l  and a wedge inner body t h a t  
makes the   conf igura t ion   essent ia l ly  a split-wing inlet .  The opposite 
s ide of t h e   t e s t   i n l e t   s e r v e s   o n l y   t o  make t h e   f l i g h t  t es t  vehicle sym- 
metr ical .  A plate  connects  the  inner-body wedge and t h e  downstream 
mounting base i n   o r d e r   t o  make t h e  two ducts  separate and d i s t i n c t .  
Models A and B were of t h e  same design  but  had  pressure  rakes and o r i -  
f ices   loca ted  a t  d i f fe ren t   s ta t ions  as indicated on f igure  3 .  

The leading edge  of models A and B had  an i n i t i a l   a n g l e  of 20' which 
was turned  by  f inite  corners  progressively t o  l 5 O ,  loo, and Oo, and w a s  
d i f fused  in   the  subsonic   port ion of t h e  inlet with  an  included  angle of 
6O. Near t h e  end of the  subsonic   diffuser ,   both  the wedge and the   ou te r  
she l l   tu rned  outward  through  an  abrupt  radius t o   t h e   d i f f u s e r   e x i t .  The 
passage  then  converged t o  a choking exit s ta t ion  having  an area 20 per- 
cen t   g rea te r   than   the   in le t  minimum s t a t ion .  The flow  exited  through a 
side passage. Model measurements a t  f i n a l  assembly showed models A and B 

. 
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t o  have small dimensional  differences as indica ted   in   f igure  3. The l i p  
leading edge  of  model A w a s  located 1.36 inches downstream  of the  leading 
wedge and 1.11 inches from the  model center   l ine ;   the   l ip   l ead ing  edge of 
model B was  located 1.54 inches downstream  of the  leading wedge and 
1.10 inches  from  the  center  l ine.  Both model A and model B had a con- 
t r a c t i o n   r a t i o  Acowl/Amin  of 0.36, an ex i t   he ight   a t   s ta t ion  7 of 
0.48 inch, and an  internal  width of 4.00 inches. 

Model C simulated models A and B a t  -3' angle of a t tack  by  reducing 
the  leading wedge angle from 20' t o  l7O. The inner  surface of t h e   l i p  
was also  turned 3 O .  A s  a resul t ,   the   leading wedge had f in i te   corners  
which turned  progressively from 17O t o  12O, 7 O ,  and -3O, and d i f fused   in  
the  subsonic  portion  with an included  angle of 6 O .  A s  i n   t h e   o t h e r  
models, the   d i f fuser   ex i t  was 1.50 inches in   he ight .  Model C had  a 
choking-exit-station  height of 0.47 inch, and a contraction 
r a t i o  A c o w l / ~ i n  of 0.40. The l ip   l ead ing  edge was located 1.58 inches 
downstream of t h e  wedge leading edge  and was 1.00 inch from the  model 
center   l ine .  The inlets were constructed of s t e e l  and a l l  leading  edges 
were  machined to   knife   edges.  A l l  surfaces were polished smooth and 
f a i r .  A t  f i n a l  assembly a smal l   s i lver   so lder   f i l l e t  was soldered  in 
a l l  corners of t h e   i n l e t   l i p s .  

INSTRUMENTATION 

Each model was equipped  with a telemetering  system which transmitted 
eight  channels of information  continuously.  Six  channels of informat  ion 
of each model were used for   in le t   in te rna l   p ressures  and two channels were 
used to   t r ansmi t   t he  model longitudinal  acceleration. The s ix   loca t ions  
of the  measured in te rna l   p ressure   for  each model can be seen in   f i gu re  3 .  
Models A and C had four   total-pressure  tubes and  two wall s t a t i c   o r i f i c e s  
loca ted   a t   s ta t ion  6. Two s t a t i c   o r i f i c e s  were a l so   loca ted   a t   s ta t ions  3 
and 5 .  Model B had two total-pressure  tubes at s t a t ion  4 and two t o t a l -  
pressure  tubes and  two s t a t i c   o r i f i c e s   a t   s t a t i o n  7, t he   ex i t   s t a t ion .  
Also, two s t a t i c   o r i f i c e s  were loca ted   a t   s ta t ions  1 and 2, portions of 
t he  inner-body wedge where the  angle was l5O and loo, respect ively.   In  
order t o  reduce  the  range of the  pressure measuring ce l l s ,   the   d i f fe ren-  
t i a l  pressure was measured  between  each total-pressure  tube and the  near- 
es t   wal l   s ta t ic   o r i f ice .   This   d i f fe ren t ia l   p ressure  was then added t o  
the  recorded  static-pressure measurement t o  obta in   the   to ta l   p ressure .  

A CW Doppler radar  unit  was used for   obtaining  the model velocity.  
However, the  CW Doppler radar   los t  model B during  the  sustainer   f i r ing 
portion of t h e   f l i g h t ,  and the   ve loc i ty  and Mach  number f o r   t h e   r e s t  of 
t h e   f l i g h t  were determined  by  integrating  the  accelerometer  record. All 
veloc i t ies  were cor rec ted   for  winds a l o f t .  AN NACA modified SCR 584 
t racking  radar   set  was employed to   ob ta in   t he  model  range,  elevation, 
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and azimuth as a function of time.  Atmospheric  conditions were deter- 
mined  from a radiosonde  released a t  the  t ime of f i r ings.   Fixed and manu- 
ally  operated  16-mill imeter and 70-millimeter cameras were employed t o  
record  the  launching and i n i t i a l   p o r t i o n  of t h e   f l i g h t   t e s t s .  

TESTS AND ANALYSIS 

Tests 

A l l  model-booster  combinations were launched at an  elevation  angle 
of 600 from a mobile-type  launcher as shown i n  figure 1. The models  were 
boosted t o  an  approximate Mach number of 1.3 by a single  6.25-inch  solid- 
f u e l  ABL Deacon rocket  motor. The sustainer  rocket of model A was timed 
t o   f i r e  at booster  burnout time and was fu r the r   acce l e ra t ed   t o  a peak 
Mach  number  of 3.16 where inlet failure  occurred and  no fur ther   data  were 
obta ined .   In   o rder   to   a l lev ia te   the  aerodynamic forces  at t h e  maximum 
Mach number, models B and C were allowed t o  coast  after  booster  burnout 
for  approximately  12.5  seconds  before  the  sustainer  rocket  fired. As a 
result ,   the  alt i tude  gained  during  the  coasting  stage  allowed  the maximum 
Mach  number of approximately 3.15 and 3.16 of models B and C, respec- 
t i v e l y ,   t o  occur  with  lower dynamic forces,  and t h e   i n l e t s   d i d  not f a i l .  
Data, theref  ore,  were obtained  during  both  accelerating and decelerating 
f l i g h t   f o r  models B and C . 

Reynolds numbers pe r   foo t   fo r   t he  three models are shown i n  figure 4 
as a function of t h e   f l i g h t  Mach number. Because of the  previously  dis-  
cussed  sustainer-f i r ing  delay,   the  Reynolds numbers per   foo t   for  models B 
and C a re  similar in   va lue  and  lower f o r  a given Mach  number than model A. 
Progressive time i s  indicated by arrows t o  d i f f e ren t i a t e  between acceler- 
a t ing  and decelerating  port  ions of t h e   f l i g h t s .  

Although t h e  models  were  symmetrical  about the   longi tudina l   ax is ,  
t h e  models did  experience r o l l  and t h i s   q u a n t i t y  i s  shown i n   f i g u r e  5 as 
t h e  rate of r o l l  as a function of t h e   f l i g h t  Mach number. 

Calculations of t h e  induced  angle  of  attack due t o  r o l l  indicate  a 
maximm induced  angle a t  the   ou ter  edge  of t h e   i n l e t  wedge of l e s s   t han  
O.OTo over   the   en t i re  Mach  number range. The roll e f fec t  on in le t   per -  
formance is ,  therefore,   considered  insignificant.  

Analysis 

The pos i t ion  of t h e  models i n  space w a s  determined  by  the  tracking 
radar   set .   Free-s t ream  s ta t ic   pressure,   s ta t ic   temperature ,  and  speed of 
sound were determined  from  the  radiosonde  data.  Velocity was determined - 
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by  Doppler radar and, i n   t he   ca se  of  model B, by  Doppler  radar  and  inte- 
grat ion of the  accelerometer  data. Hence, from these  values  the  free- 
stream Mach number and to ta l   p ressure  were determined. 

The average t o t a l   p r e s s u r e   a t   s t a t i o n  6 i n  models A and C was found 
by ar i thmetical ly   averaging  the  total   pressures  of the   ind iv idua l   to ta l -  
pressure  tubes at these   s ta t ions .  

The mass flow was evaluated from the  test  of model B by t h e  
expression 

which was derived  from  continuity  considerations  by assuming M7 = 1.00. 
The r a t i o  H7/Ho was measured i n  model B. However, re l iab le   da ta  were 
obtained with only one (tube C )  of t he  two total-pressure  tubes at sta- 
t i o n  7. A uniform p r o f i l e  was assumed a t   s t a t i o n  7 and the  recovery of 
He/% of s t a t i o n  7 was used t o   c a l c u l a t e   t h e  mass-flow r a t i o .  The 
r a t i o  A Acowl i s  a geometric  area  ratio of t he  model. The 

r a t i o   b / A c r  i s  a function of the  free-stream Mach number. 
71 

The theo re t i ca l  mass-flow r a t i o  was determined  by the  same equation 
but was evaluated at the   i n l e t   t h roa t  as 

where H2/% i s  the   to ta l -pressure   ra t io   across  an oblique shock  and  a 
normal  shock a t   t he   i n l e t   en t r ance .  

Accuracy 

Possible  systematic  errors  in  the  absolute  level of d i r ec t ly  meas- 
ured  quant i t ies   are   proport ional   to   the  total   range of t he  measuring 
instruments. On the   bas i s  of s t a t i s t i c a l   d a t a  compiled  by the  Instrument 
Research  Division of t he  Langley Aeronautical  Laboratory, it i s  believed 
that  the  instrumentation of these models i s  accurate t o  within fl percent 

of the  full-scale  range  for  pressure measuring  instruments and fl$ per- 

cent f o r   t h e  remaining  instruments. Because  of the  necessary  pressure 
range of the  measuring  instruments  for  the  highest Mach numbers 



encountered,  the  percentage  accuracy  decreased  with  decreasing  values of 
Mach number. Tubing  diameter  and  length  used t o  connect t h e   c e l l s   t o   t h e  
pressure  measuring  stations were s e l e c t e d   t o  keep the   l ag   i n   p re s su re  
measurement within  the  previously  s ta ted fl percent   possible   error  a t  t h e  
time of greatest  rate of change of pressure.   Further   possible   error  
r e s u l t s  from possible  inaccuracies  in  determination of atmospheric  prop- 
e r t i e s  and  model space  position. 

If it i s  assumed that  the  atmospheric  conditions  encountered  by  the 
models are t h e  same as those  determined  by  the  radiosonde,  the  following 
maximum e r ro r s   i n   t he   abso lu t e   quad i t i e s  were computed a t  two values of 
Mo: 

For % = 3 .l5 

Mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.015 
H6/Ho . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.013 
m/mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.05 
p/po . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.2 

For = 2.5 

Mo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.014 

m / q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.04 
H6/Ho  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.03 

p/po . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.2 

Practical   experience  has shown that,  normally,  experimental  errors 
are genera l ly   l ess   than   the  maximum values of e r r o r  such as those   l i s t ed .  

RESUETS AND DISCUSSION 

All t h e   i n l e t  models t e s t e d  had a contract ion from t h e  inlet l i p   t o  
t h e   t h r o a t   s t a t i o n  and, as a r e su l t ,  a normal  shock was held  outside  the 
i n l e t   l i p .   I n   o r d e r   t o   f i n d  i f  t h e  normal  shock  could  enter  the  inlet 
at any  value  of Mach  number reached i n   t h e  tes ts ,  t heo re t i ca l  one- 
dimensional-flow  calculations were made by  neglecting side effects and 
boundary-layer  buildup. The ca lcu la t ions   ind ica te   tha t   the  normal  shock 
could  enter   the  inlet  of model A a t  Mo = 3.43, model B at MO m 3.35, 
and model C at - 3.17. Inlet models A and B, therefore,   operated 
with  the normal  shock i n   f r o n t  of t he   i n l e t   l i p   t h roughou t   t he   r ange  of 
t h e s e   t e s t s ,  and t h e   s t a r t i n g  Mach  number of model C was just  reached a t  
t h e  maximum Mach  number of t h e  tests.  Model C allowed  the inlet  t o  
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swallow the  shock at a lower  value of free-stream Mach  number than 
models A and B because  simulating a - 3 O  angle of attack  reduces  the 
amount  of contraction as well   as  increasing  the  strength of t he  normal 
shock at the  entrance t o   t h e   i n l e t .  

Measured mass-flow r a t i o   a s  a function of the  free-stream Mach num- 
ber i s  presented   in   f igure  6 f o r  model B, where the   t o t a l   p re s su re  was 
measured a t   t h e   e x i t   s t a t i o n .  Good agreement i s  noted  with  the  theo- 
r e t i c a l  mass flow computed by assuming  choking  flow a t   t h e   i n l e t   t h r o a t .  

Local total-pressure  recovery at s t a t ion  6 i n  models A and C and 
s ta t ions  4 and 7 i n  model B i s  presented  in   f igure 7 as  a function of the  
free-stream Mach number. 

Measurements at s t a t i o n  6 i n  models A and C show er ra t ic   b reaks   in  
the   to ta l -pressure   l eve l  of the  individual  tubes.   Similar  data were 
obtained  at   stations 4 and 7 i n  model B. Data  obtained  for two of the  
tubes of model B were not  presented as they were not  considered  reliable, 
because of  some mechanical  difficulty  within  the  recording  cells .  The 
data of model C simulating -3O angle of attack  appear t o  be more e r r a t i c  
than  the Oo model data  with many abrupt  changes in   the  total-pressure 
leve l .  

Total-pressure  profiles of models A and C are   presented  in   f igure 8 
for  several   free-stream Mach numbers. A dashed l ine   connec ts   the   s ta t ic  
pressure  that  was measured by wa l l   s t a t i c   o r i f i ce s ;  it i s  assumed that 
the  s ta t ic   pressure  var ied  l inear ly   across   the  s ta t ion.  

The total-pressure  tubes were d i f f e ren t i a l ly  connected t o   t h e   w a l l  
s t a t i c   o r i f i c e s .  Zero or negat ive  different ia l   pressures ,   therefore ,  
indicate low-energy areas  or wakes. Generally,   the  profiles of model A 
show there  was a low-energy  region  behind  the  inner-body wedge f o r  most 
of t he   f l i gh t  Mach number range. A t  the  higher  values of  Mach number, 

= 3.0 and 3.1, there  are  regions of total-pressure  recovery  that   are 
lower  than  the measured s ta t ic-pressure  ra t io ,   thus   indicat ing a region 
of reverse  flow. The p ro f i l e s  of model C are  similar to   t hose  of model A 
.except  that ,   for  an  appreciable  part  of the  Mach  number range, a flow 
change occurred and resul ted  in   separat ion  off   the   outer   wal l .  Compari- 
sons of prof i le   shapes  a t   the  same value of free-stream Mach  number  of 
model C accelerat ing and decelerating show i n  some instances  different 
r e su l t s .  The normal shock may have entered  the  inlet  minimum area  near 
t he  peak Mach number and  could have  been retained  within  the  inlet  for 
part  of the   dece lera t ing   f l igh t .  This change i n  shock location  could 
account for   the  differences  in   the  prof i le   shapes  a t  = 3.0 and 3.1. 
However, the  reasons  for  the  differences  in  the  profile  shapes below 
these  values of free-stream Mach  number are  not  obvious. 
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Average total-pressure  recovery as a funct ion of the  free-stream 
Mach  number i s  presented  in  figure 9 f o r  models A and C .  Local   total -  
pressure  recoveries of model A accelerat ing were averaged  and t h e   l o c a l  
total-pressure-recovery  averages of  model C accelerat ing and decelerating 
were further  averaged  together.   Insufficient  data  prevent  presenting  an 
average  total-pressure  recovery of model B. Theoretical  pressure-recovery 
po in t s   fo r  model A were determined  by 

where H2/Ho i s  the   theore t ica l   to ta l -pressure   recovery   across   an  
oblique  shock  with a 5' corner  expansion  before a normal  shock on t h e  
15' surface.  Then hin = A,, s ince   the  normal  shock  never  entered 
t h e   i n l e t .  

The reported  average  total-pressure  recoveries  might be d i f fe ren t  
from those  that   actual ly   exis t   because of boundary-layer  buildup on a l l  
four  walls of t he   d i f fuse r  and t h e   i n a b i l i t y  of the  limited  instrumen- 
t a t i o n   t o  weigh in   corner  and  wall-boundary-layer  losses. 

Model A had  an  average  total-pressure  recovery of  0.33 a t  = 3.12, 
representing 87 percent of the  theoret ical   to ta l -pressure  recovery.  Below 
th is   va lue  of Mach  number the  data  more closely  approach  the  theoret ical  
values.   Generally,   the  data  indicate  the  average  total-pressure  recovery 
of t h i s   i n l e t   w i th  a fixed ex i t   a rea  20 percent   l a rger   than   the   in le t  
th roa t  showed  good agreement with  the  theoret ical   to ta l -pressure  recovery 
for   the   en t i re   range  of free-stream Mach number. However, the  preliminary 
nature of t h i s  tes t  does  not  allow a conclusion  concerning  the maximum 
to ta l -pressure   recovery   tha t   th i s   in le t   could   a t ta in .  

Model C simulating -3' angle of a t tack  yielded a s l igh t ly   h igher  
total-pressure  recovery  than model A for   the  range of Mach  number t e s t ed .  
An average  total-pressure  recovery of 0.37 w a s  a t ta ined  at a free-stream 
Mach number of 3.16. The total-pressure  recovery of model C, obtained 
from both  accelerating and dece lera t ing   f l igh t ,  i s  perhaps a fairer 
average  than  that  of model A where only  accelerating  data were obtained. 
Generally,  the similar l e v e l  of average  total-pressure  recovery  for  both 
cases  indicates no adverse  effect  of a simulated  angle of a t tack  of -3O. 

Although t h e r e  were previously  noted  abrupt  and  erratic  changes i n  
the  individual  total-pressure-recovery  profiles  with  changing Mach  num- 
ber,  the  average  total-pressure-recovery data i n  comparison  with t h e  
theoret ical   values   indicate   that   the   changing  prof i les   did  not  change 
the  total-pressure  recovery  appreciably. 

? 
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Sta t ic -pressure   ra t io  p/po at s t a t ions  3 ,  5 ,  and 6 i n  models A 
and C and at s t a t i o n s  1, 2, and 7 i n  model B a re   p resented   in  figure 10 
as a function of t h e  free-stream Mach number. Generally, a l l  static- 
pressure   ra t ios  a t  a l l  measuring stations  increased  with  increasing 
values of Mach number. The stat ic-pressure  ra t ios  at s t a t ions  3 and 5 ,  
on the   cen ter  body  and outer  wall i n  models A and C, varied  abruptly a t  
various  values  of free-stream Mach number, corresponding t o  the  previously 
noted  abrupt  changes in   the   to ta l -pressure   p rof i les .   S ta t ic -pressure  
r a t i o s  a t  s t a t i o n  6 i n  models A and C show higher  pressure  values meas- 
ured on the   ou te r  w a l l  indicated by tube  b  than measured on the  inner-  
body wall by  tube a over   the   en t i re  Mach  number range. 

S ta t ic   p ressure  at s t a t i o n  1 i n  model B could be used t o  check 
further  whether  the inlet  was a b l e   t o  swallow t h e  normal  shock  held  out- 
s ide   t he   i n l e t  by the   con t r ac t ion   r a t io .  Comparisons wi th   theore t ica l  
calculat ions show tha t   p l /po  was near ly   the  same as the   p ressure   ra t io  
behind a normal  shock up t o   t h e   t h e o r e t i c a l  flow-attachment Mach number 
of 1.88. Above t h i s   v a l u e  of Mach  number and  up t o  a Mach  number of 2.18, 

is near ly   the  same as the  pressure  ratio  behind  an  oblique shock 

with  a 5' corner  expansion  and a normal  shock occurring  upstream of sta- 
t i o n  1. Above % = 2.18,  p1/po l i es  between the   t heo re t i ca l   p re s su re  
ratio  calculated  by  assuming  an  oblique shock  with a 5 O  corner  expansion 
and  a  normal  shock,  and the  case of an  oblique  shock  with a 5' corner 
expansion  and  supersonic  flow  past.  the  orif  ice a t  s t a t i o n  1. Since 

never  approaches  the  value of the  case of  supersonic  flow  past 

Pl/PO 

P l P O  
t h e   o r i f i c e  a t  the   h ighes t  Mach  number reached, it is  fur ther   indicated 
t h a t   t h e  normal  shock w a s  never swallowed. The s ta t ic-pressure 
r a t i o  p2/po i s  s l i g h t l y  lower than  pl/po up t o  % = 2. 15, as would 
be expected  with  subsonic  flow  past  both  stations 1 and  2. After 
% = 2.15,  values  of  p2/p0 are  higher  than  those of p l/po up t o   t h e  
maximum % = 3.15. The normal  shock  held i n   f r o n t  of t h e   i n l e t  may 
meet t h e  wedge with a lambda-shaped l e g  so t h a t   t h e  measured pressure 
r a t i o  pl/po may be i n   e i t h e r  a separated  flow  region  or a supersonic 
area of t h e  lambda-shaped leg.  Hence, p2/po  measured i n  a subsonic 
region i s  h igher   in   quant i ty   than   p   p  above a free-stream Mach  num- 

ber  of 2.15. 
1/ 0 

SUMMARY OF RESULTS 

F l i g h t   t e s t s   u t i l i z i n g   t h e  rocket-model  technique  of  determining 
the  total-pressure  recovery of a two-dimensional  split-wing  ram-jet  inlet 
a t  Oo and a simulated  angle of a t t ack  of -3' with a f ixed   a rea   ex i t  
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20 percent   larger   than  the  inlet   throat   y ielded  the  fol lowing  general  
r e su l t s  over a Mach  number range  from 1.4 t o  3.16: 

1. Total-pressure-recovery measurements a t  t he   d i f fuse r   ex i t   s t a t ion  
indicated  abrupt  pressure  changes  in  the  total-pressure  profile  through- 
out t h e  Mach  number range,  and  resulted  in a wake region  behind  the ten- 
t e r  body wedge or outer w a l l .  

2. A total-pressure  recovery of 0.33 was obtained at a free-stream 
Mach  number of 3.12  f o r  Oo angle of a t tack .  A t e s t  of a model simulating 
an  angle of a t t ack  of - 3 O  indicated a total-pressure  recovery of 0.37 a t  
a Mach  number of 3.16. 

3. Comparisons of average  total-pressure  recovery  with  the  theoret- 
ical   total-pressure  recovery showed  good agreement  over the  range of f ree-  
stream Mach  number t e s t ed .  The preliminary  nature of t h e   t e s t  does  not 
allow a conclusion  concerning  the maximum total-pressure  recovery  that  
t h i s   i n l e t   cou ld   a t t a in .  

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field,  Va . ,  February 19, 1954. 

m a .  -+. 
Arthur H. Hinners, Jr. 

Aeronautical  Research  Scientist 

Approved: -4- Joseph A .  Shortal  
Chief of Pi lot less   Aircraf t   Research  Divis ion 



NACA RM SL54CO3 

Figure 1.- Flight test  vehicle  and booster rocket in launching 
attitude of 60°. 



L-65662 
(a) Model A with  top  plate removed. 



Figure 2.- Concluded. 
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Figure 3 . -  Detailed  diagram of models  tested. All dimensions  are in inches. 
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Mach number, Mo 

Figure 4.- Reynolds  number  per  foot ST. a function  of  free-stream  Mach  number. 
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Figure 5.- Rate of roll as a function  of  flight  Mach  nwriber. 
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Figure 6.- Mass-flow ratio of model B as a f’unction of free-stream 
Mach number. 
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Figure 7.- Local  total-pressure  recovery  at  various  total-pressure 
measuring  stations  as  a  f'unction of free-stream  Mach  number. 
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Figure 7.- Continued. 
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Mach number, Mo 

Figure 7.- Concluded. 
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Figure 8.- Local  total-pressure-recovery  profiles  at  various  free-stream 
Mach  numbers. 
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Figure 8.- Concluded. 
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Figure 9.- Average  total-pressure  recovery  as a function of free-stream 
Mach  number. 
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Figure 10.- Static-pressure ratio at  various  internal-flow  stations as 
a function of free-stream Mach number. 
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Figure 10.- Continued. 
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Figure 10.- Continued. 
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Figure 10.- Continued. 
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